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OCCLUSION OF A VESSEL 
Bacfcnronnd of th» Invent™,, 

FiaM of the Invention 

The present inveotion relates generally to the occkision of a veuel within a patient, and more specifically, 
to an apparatus and method of partially or completely occluding a vessel. 
Description of the RefatPH Art 

Attempts heretofore heve been made to treat occlusions in the carotid arteries leading to the brain. 
However, such arteries have been very difficult to treat because of the possltfty of dislodging plaque which can 
enter various arterial vessels of the brain and cause permanent brain damage. Attempts to treat such occlusions 
with balloon angioplasty have been very limited because of such dangers. In surgical treatments, such as 
endartereetomy. the carotid artery is slit and plaque is removed from the vessel in the slit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplasty and in the treatment of peripheral arteries end veins, there is 
the possibility that the guide wires end catheters used in such procedures during deployment of the seme may cause 
disfcdgament of debris or emboli which can flow downstream end cause serious damage, such as stroke, if they 
occlude blood flow in smaller vessels. Thus, in summary, embolization and migration of rracro-emboO downstream 
to an end orgen is a major concern of cardiologists during catheterizations. 

Thure is therefore need for new and improved apparatus and methods which make it Tossible to treat 
occluded vessels without endangering the patient. 

Summary of tha In-ntinn 

The present invention satisfies the need for a device that occludes a vessel, in particular, a vessel in a 
patient undergoing therapeutic or other medical treatment. Any one of a number of different eipansion members 
era joined to one or more elongate members such es hypotubes to form a device that completely or partially occludes 
e vessel within a patient. The eipansion member may be sell-eipandrng, it may be expanded by engaging it with 
one of the elongate members, or it may be heeted to cause h to eipand. A membrane preferably surrounds the 
eipansion member so that a seal is made between the membrane and the vessel. The perfusion of blood is allowed 
if the membrane is perforated. Partial occlusion may be obtained without a membrane « a suitable eipansion 
member b chosen. In general, in one aspect of the present invention, there is provided en apparatus and method 
that can be used with approved diagnostic and therapeutic devices to reduce the chanca of emboli migrating 
downstream. Alternatively, the eipansion member mey anchor an intravascular device within a vessel. 

One embodiment of the present invention is a device for occluding a vascular segment, in which the device 
inckjdes an eipansion member and first and second elongate members. Tha first elongate member engages the 
eipansion member, and tha second elongate member surrounds tha first elongate member, with the eipansion member 
upending to occlude the vascular segment when one of the elongate members is moved longitudinally. The 
eipansion member preferably inckides a braid, a coil, a ribbon-ike structure, a stoned tube, a plurality of ribs or a 
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Art. mesh. The device may .bp include mi ,ha« adioinj the „ paniion ^ fe , ^ § ^ ^ 
total seal with the vascular segment. 

In one particular embodiment, the expansion member is in an unexpanded state when it i, surrounded by 
the second elongate member, but expand, when the fir,, elongate member is pushed through the second elongate 
member. In another embodiment, bath the firs, and second .tonga,, members are seemed to the expansion menter. 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invattion is a method of occluding a segment within a vessel which includes 
the step of inserting first end second elonget. manner, into the vessel ,. be occluded (in which th, first elongete 
member adjoins an expend member). Mowed by the step of varying the position of at least one of the elongate 
members so that the expand member expand, until the vessel is completely or partially ocduded. In one 
embedment, the varying step includa, retracting on, of the elongete member* end in enother embodiment the 
verymg step comprise, puling one of the elongate member, through the other ..ungate member. Inyetanother 
method of occluding a segment within a vessel an expansion member is inserted within the vesa.1 and the expansion 
member is heated to cause i, to expand until the vessel is at toast partially occluded. Heating the expansion member 
may involve, for example, passing electrical curiam through it or passing warn, solution over or near it. 

Brief Descrmtinn ni fly nr a ^n„. 

FIG. 1 is a sidtHdevational view at section of one embodiment of e catheter apparatus incorporating the 
present invention for treating occluded vessels. 

FIG. 2 is a side-elevational view in section similar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expandable seal) deployed. 

FIG. 3 is a side-elevetional view in section of another embodiment of a catheter apparatus incorporating 
the present invention for treating occluded vessels. 

FIG. 4 is a view simitor to FIG. 3 but showing the expansion member (in this case, a self -expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal cress sectional view of an embodiment in which a membrane only 
partially surrounds a braid used e, tho expansion member. 

FIGS. 6A and 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of en embodiment in which a filter-like mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment h which a slotted tube is used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. 9. 
HG. 11 is a schematic, longitudinal cross sectional view of an embodiment in which a cofl is used as the 
expansion member, and the proximal end of a membrane surrounding tha coil adjoins the coil 
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FIB. 12 is a schematic, longitudinal cross sectional view of an embedment in which a coil is used as the 
expansion member, end the pros™, end of a membrane surround** the coil adjoins a sheath that mound, both 
first ami second elongate members. 

FIG. 12A is an embodiment similar to that shown in FIB. 12. in which resistive heating is used to expand 
the expansion member, with current being conducted through wire, being attached to either aide of the expansion 
member. The expansion member as shown is partially deployed. 

FIG. 12B is an embodiment similar to that shown in FIG. 12A. in which resistive Meeting is used to expand 
the expansion member, with current being conducted through a wire being attached to the distal end of the expansion 
member end through e coating on the first elongate member. The expansion member as shown is partially deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment in which e plurebty of ribbons are used 
a, the expansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. in which a warm solution passes between 
the first and second elongate member, to transfer heat to the expansion member, causing it to expand. The 
expansion member as shown i, partially deployed. 

FIG. 13B is an embodinent similar to that shown in FIG. 13A. in which a warm solution passes through 
the first elongete member to transfer heet to the expansion member, causing it to expand. The expansion member 
os shown is partially deployed. 

FIG. 13C is an embodiment similar to that shown in FIGS. 13A and 13B. in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heet to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of rbs are used 
as the expansion member. 

FIG. 15 is an isometric vIbw of an embodiment of the invention in which a pull wire is used to deploy a 
plurafity of non-self-expending ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons aro in their 
relaxed, vndeployed position. 

FIG. 17 is a side elevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrann makes a seal with the vessel. 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of e locking mechanism used 
wfth a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking mechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A, 20B, 20C. and 200 show, respectively, a braid, a finer-like mesh, a slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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The expanaon member, discussed herein include braids, cods, rte, ribbon*, structure,, slotted tube,, end 
flter-uke muha. The,e expansion member, may be pertiely covered er completely smmM by 8 tBmhnm „ 
other covers to provide ocduaon or sealin, of the vessel As used herein, -occasion" or "aaaling" and the like 
" CflmP,B,8 bbd(aBB 0f ,luM ,bw in ' ««* "9™. as it i, some,™, preferable to ado* 
perfuse. Moreover, such expansion member, may be deployed by vaneu, mechanical mean,, electrical meen, or 
thermomechanice. mean. etc. a, daecribad herein. Expension member, that ere deployed mechanically ere preferably 
•spnn B #e- n nature. i.e. they ere preferably resilient to facilitate their deployment or retraction. 
Catheter Apparatus** »^ SeW-Exnanriinn R r=iA< 

One embodiment of a catheter apparatus incorporating toe present invention for treating occluded vessels 
-s shown in Rgures 1 and 2. A, shown therein, the catheter apparatus 651 cen*t, of . flexible elongate member 
652 ** » provided with pr.xh.al and distal extremities 653 end 854. A conventional adapter 656 is mounted 
on the proxinal extremity and is provided with a Touhy-Bom fitting 657 which is in contnunication with . large 
central lumen 658 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the edapter 656 a, well es an irrigation fitting 662. both of which ere in contraction with the 
central lumen 658. However, it should be eppreciated that if desired, separate lumen, ten be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. ThiTself -Fxpandmg seeling 
mechanism 666 can take any suitable form. For exemple. es shown ft an consist of a braided structure 667 formed 
of e suitable shape memory material such es a nickel titanium alloy that win attempt to expand to a predetermined 
shape memory. Other than shape memory materials, other materials such as stainless steel, Eloihy™ titanium or 
other materials can be utilized in the braid 667 as long as they have the capability ef expending when the self- 
expending seal mechanism is released. Also it should be appreciated that the jelf-expanding seal mechanism 666 
can be comprised of an absorbent material which when it absorbs sakhe or blood expands to form a seal Such 
seals can be readily accomplished because it is only nenssary to form a seal of approximately 1.6 psi to prevent 
small particles from moving downstream. 

In order to prevent abrasion of a vessel, it is desirable to cover the braided structure 667 with a covering 
668 of a suitable material such as a polymer or a biocompatible coating which extends over the braided structure 
867 end which move, with the braided structure 667 a, it expands and contracts. The polymer can be of a suitable 
material such a, sienna. C-flex, polyethylene or PET which would form a good sealmg engagement with the wall 
of the anery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding sealing mechanism 666 ,0 that the apparatus 
can be inserted into the vessel 481 and consists of an elongate sleeve 771 having proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The collar 776 
serves as a mechanism lor retracting the sleeve as shown in Figure 2 to uncover the self-expanding sealing 
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meehaoam 666 .her the catheter he, been deployed to permit the self-expanding sealing mechanism 666 to expand 
end fonn a seal whit the arterial vessel adjacent the stenosis to be treated. 

Another embodiment of a catheter apparatus for treatmo occluded veneb incorporate the present 
tnvention is shown in fibres 3 and 4. As shown therein, the apparetus 781 ccnsuts of a guiding catheter 782 
having proximal and distal extremhie, 783 and 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of . conventional type. A com-entional attachment 786 is mounted on the proximal extremity 783. 
Self-expanding seel mechanism 791 is mounted on the distal axtremity 784 end i, of the type heretofore descried 
m connection with the embodiments shown in Figure, 1 and 2. A sleove 796 serelar to the sleeve 771 of the 
previous embodenent is provided in the pre** embodiment for encasing the suspending „al ntechaniam 791 and 
for releesmg the same after it has been disposed in an appropriate position within a vessel edjecent the occlusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 end 798 end heving a bore 
799 extending from the proximal extremity to the distal extremity which is sired so thet it can receive the guide 
catheter 782. It i, provided with a collar 601 on its proxenal extremity which i, adopted to be diaposed outside 
the patient and which is adapted to be grasped by the physician for pulling the sleeve 796 proximaily to uncover 
the .expanding seal 791 after the apparatu. ha, been deployed to permit the aelf-expenaon of the sealing 
mechanism 791 to form a seal with tha vessel wall as shown h Figure 4. 

In accordance with the hereinbefore described descriptions, it is epparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the essembfy 781 can be introduced 
into the femoral artery and the distal extremity advanced into the desired location ei the arterial vessel. After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the self-expanding seal mechanism 
791 to expand and to form a seal with tha wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide . workinfl space distal of the occlusion formed. This prevent, smaV 
particle, which may thereafter be dislodged from moving downstream. Since a central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatu, shown in Figure, 1 2 
3 and 4. 

Although the self-expanding sealing mechanism 666 (791| can be deployed by retracting the sleeve 771 
(796) a, previous described, the sealing mechanism can also be deployed by pushing the flexible elongate member 
652 (guiding catheter 782) through the sleeve so that the ,eaOng mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 666 (791). if there is little clearance between the apparatu, 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient', vessel. A, discussed 
below in connection with subsequent figures, the seeing mechanism 666 (791) may alternatively comprise members 
such as a cod. a ribbon-Rice structure, a slotted tube, or e filter-Oka mesh. In each case, the sealing mechanism 
expands to partially or completely occlude the vessel in question, or alternatively, to anchor an intravascular device 
to the vessel. 
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Artomawva Seif-Exnanrfim. M.rrfr^ 

Another embodiment using a braMad structure « shorn schematically in FIG. 5. in which e flexible elongate 
member 20 Is disposed within a second elongate member 24 such es . hypotube. A self expending mechenism 28 
such as a braided structure is tacured t. the distal end of ft. elongate member 20. preferably within an indentation 
32 of member 20. The braided structure 28 is only partially encapsulatad by e preferably elastomeric membrane 
36 that makes a seel with the patient', vend 40. {Ahem.tiv.ly. a coats* such as a polymeric coating may be 
used in place of the membrane, disclosed herein.| In this end the other embodsaents. adhesive may be used to 
secure the self-expanding mechanic 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIB. 5. the braided structure 28 and membrane 36 are designed to be asymmetrical, with more meter*, being 
concentrated at the proximal side of the structure 28. The braids of the embodiments disclosed herein may be 
steinless steel 304 or 400. superelastic or heat activated Nhinol, an iron base shepa memory aBoy. or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for esemple. by using standard equipment 
such es e braider. 

Although the embodiment of FIG. 5 show, the flexible elongate member 20 connected to a guidewire tip 
44. other technologies for guiding the device through the patient', vessel 40 may be used in this end the other 
embodiments, such es . guidewire (either over the wre or single operator) or the eichange catheter method, as is 
wel known in the 8rt . Also, although not explicitly shown in the embodiment of FIB. 5 and the other embodiments 
herein, these embodiments may Include lumens, aspiration and irrigation fittings, and collar, Eke those illustrated in 
FIGS. 14. 

The membrane 36 is preferably impervious to the flow of blood (FIG. Be) for those applications not requiring 
perfusion, although a perforated membrane 36* (FIG. 6b) having numerous holes 37 therein may be used in other 
application, to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking larger partculates such as emboli likewise, a perforated 
membrane 36' may be used in the other embodsnents disclosed herein. Antithrombogemc coatings can be used (e.g., 
heparin) to prevent thrombosis formation. 

FIG. 7 shows an embodiment m which e braided structure 50 is not enclosed by a membrane. When the 
braided structure SO comprise,, for example, e diamond mesh pattern In which adjacent wires ere separated by about 
10-80 microns, the braided structure permits the passage of red blood cells, wide blocking the flow of matter that 
may be undesirable. a*, emboli or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfusion is required. 

Ahernettve self-expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9, a self-expanding filter-like 
mesh 60 and e seif-expanding slotted tube 7Z respectively, are surrounded by e membrane 62 that is preferably 
elastomeric. The filter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to a 
flexible elongate member 64. e.g„ to an indentation therein. As with the other self -expanding madia disclosed herein, 
the filter-like mesh 60 (or slotted tube 72) expands from its unaxpanded state when the flexible elongate member 
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64 k pushed through a second elongate member 66. or alternatively, whan tha second elongate member 66 is 
retracted over the first elongate member 64. The filter-Bke mash 60 (or slotted tube 72) then expands so that the 
membrane 62 forms a seal with the surrounding vessel 68. A guidewire tip 70 aids in guiding the device through 
the vassal 68. Tha HteMike mash 60 end slotted tube 72 are of a suitable shape memory material such as Nitinol 
or (304 or 400) staintoss steel. The futer-lik. mesh 60 is fibrous in nature. be*g somewhet analogous to steel wool. 
The slotted tube 72 has a lattice-Bice appearance. The slotted tub. 72 may be constructed, for example, by 
irradiating a thin-waiad tube with a laser bum to form hole, in tha tuba in the shape of polygons such es oblong 
quadrilaterals. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 illustrates another embodiment, in which a coil 80 serves as the self-expending mechanism. The 
coil 80 may be integrally formed with a first elongate member 82 or be otherwise specially joined to it. e.g« by 
welding or brazing the coil to the elongate member 82. Tha coO 80 i, surrounded by e membrane 84 that expands 
with tha coil when it is pushed out of a second elongate member 86, or ehernetively. when the second elongate 
member 86 is retracted from the coi 80. Thus, the membrane form, a seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the col 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. if one i, used. 

An embodiment simflar to that shown in FIG. 11 is illustrated in FIG. 1* h which the membrane 84 is 
secured at the proximal end to e separate sheath 94. In this case, the sheath 94 and the first elongate member 
82 ere extended together over and through, respectively, the second elongete member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate member 86. 

Another embodiment that employs e self-expending medium is shown in FIG. 13. in which a plurality of 
ribbons 100 make contact with a membrane 102 while they expend to urge the membrane towards the wall of the 
vessel 104 where it makes a seal. The ribbons 100 of this embodiment are preferably secured to a first elongete 
member 106 et both ends of the ribbons, by. for example, gluing them in place. The ribbon, may be 0.001-0.004" 
x 0.005-0.020" x 0.25-1.0" strips of Nitinol. stainless steel, or Elgiloy™ which expand when urged out of the second 
elongate member 108. A guidewire tip 110 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 illustrates en embodiment similar to the one in FIG. 13, in which ribs 120 such es wires form a 
series of semicircular arc, when they expand. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number of ri» 120 is preferably et leest three. The ribs 120 are 
preferably attached directly to a first elongete member 124 that i, surrounded by a second elongete member 126. 
The ribt 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding thB device through the vessel 130. 

As in the other self-expanding embodiments, the self-expending mechanism 100 (120) is in an unexpanded 
state when enclosed by the second elongate member 108 11261. and expands when pushed or pulled beyond the 
second elongete member 108 (126). 
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Mon-saltexmndinn gnbjfflam 

I Heat activated pmhndim^. 

HSS. 12A and 128 ihmrata how .tectnca. means can ba used to generet. haat to expand an expansion 
member. A f ir« elongate member 82' (and a eofl W which adjoins it. coO 80' and member 82' being similar to thai, 
unpnmed eounterpem) is prefer,*, made of hae, activated NitinoL an iron base shape memory alloy, or another 
matenal that expands when exposed to heat. As shown in FIG. 12A, tow profile, low resiaivH, electrical lines 81 
end 83 preferably pas, either through or along the second dongate member 86 and are attached <e.g.. soldered) ,o 
the f,rs, elongate member 82' on either side of the coil 80'. Whan current is appfcd through the electrical h» 81 
and 83 (the power supply is not shewn but is preferably outside the patient), the coil 80' huts up through resistive 
heating, and the coil expands to urge the membrane 84 to contact the vessel wall 80. Alternatively, as shown in 
FIG. 128. the first elongate member 82' may have a coating 85 of gold or silver. In this embodbnent. the coated 
elongate member 82' is used to pass current (with most of the current preferebly being carried by the coating 85 
so that most of the energy i, deposited in the col 801. with the circuit being competed with a low resistivity wire 
87 that is preferably connected |e.g. ( soldered) to either the second elongate member 86 or th. sheath 94. This 
Principle of resistive heating to expand a expansion member can be applied to the other embodiments disclosed herein 
as well. 

FIGS. 13A. 13B. and 13C illustrate how heat transfer using a (quid can deploy an expansion member. Th. 
ribbons 100' ere preferebly made of heat activated Kltinoi. an iron base shape memory aioy.Tr another materiel that 
expands when exposed to heat In the embodiment of FIG. 13A, a warm sain, solution 107 i, passed between the 
fbst and second elongate members 106 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' haat up, they expand, thereby urging th. membrane 102 against the vessel 
wall 104. As unrated in FIG. 13B. th. warm sabne solution 107 may also be passed through the fir,, elongate 
member 106 end than through holes 109 in member 106 so that the saline solution 1 07 more directly transfer, heat 
to the ribbons 100'. In IK, embodiment, one or more holes 111 in the membrane 102 (distal to where the seal with 
th. vessol wall 104 is mad.) may be used to allow th. saline solution 107 to flow ewey beyond the ribbons 100- 
after heet trensfer to the ribbons occurs. As illustrated in FIG. 13C, the saline solution 107 may also ba passed 
through one or more closed loop coils or lumens 1 13 within the first elongate member 106. In this way. the ribbons 
100' and the patient's blood era not exposed directly to any solution. Using haat transfer can also be appfied to 
the other embodiments disclosed herein, provided the expansion member i, suitably constructed. 
& Mechanically denized anhnHim^t, 

Other non-self-expanding teeling mechanism, that can ba used for occluding a vessel ere described below. 
In the embodiment of FIGS. 15-17. a first elongate member 140. preferably a pull wee. is (when the device is 
completely assembled) attached to a brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 end a second ring member 152 are a plurality of ribbons 156 that extend 
between th. two ring member,. Surrounding the ribbon, 156 is a membrane 160 that form, a ,.al with the 
patient', vessel 162 when the ribbons are expanded. Tha membrane 160 i, joined to at least one end preferebly 
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both of the ring members 148 and 152. The membrane 160 can be joined to only one of the ring member, 148 
end 152, for exemple, when the membrane 160 eitenda far enough m the longitudinal direction to permit the 
membrane to make a good seal with the vessel 162 when the ribbons 156 are deployed. 

To assemble the device, the first and second ring members 148 and 152. the ribbons 156. end the 
membrane 160 are pieced as a unit .round a second elongate nwmber 166. which has a pair of oppositely facing 
holes 170 end 172. The brace member 144 is inserted through the holes 170 and 172 and secured to both the 
pull wire 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 156 in their longitudinal orientation, is 
illustrated in FIG. 16. As ikislrated in FIB. 17. when the pull wire 140 is retracted, the ribbon, 156 (shown in 
phantom) end the membrane 160 that surrounds them are urged towards the vessel 162. where the membrane makes 
a seal with the vessel. The ribbons 160 ere preferably repliant enough so that they return to their longitudinal 
orientation when the pull wire 140 is released. The elasticity and resiEence of the puU wre 140 elso helps the 
ribbons 156 return to their undeployed configured. A guidewke tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the pull wire 140 is shown in FIGS. 18A end 16B. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatable handle 180 is attached to a locking member 
184 which in turn is fastened to the puH wire 140. When the locking member 184 clears the second elongate 
member 166 within which rt resides (which is preferably outside the patient), the locking member and rotatable 
handle 180 may be oriented es illustrated in FIG. 18B to keep the puD wire 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of steinless or nrtoiol 
and may have a diameter of O.006-0JM8 inches, for a catheter having an O.D. of 0.014'. for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the pull wire 140. thereby deploying the seeling 
mechanism. Once extended, the seeing mechanism preferably hes the tendency to return to ha undeployed position, 
which h the process puHs the pull wire 140 back into the second elongate member 166. This can be prevented by 
inserting e spacer member 194 between the handle member 190 and the second elongate member 166. After the 
medical procedure is complete, end occlusion of the vessel is no longer required, the spacer member 194 cen be 
removed and the pull wire 140 end the seoEng mechanism returned to their respective undeployed positions. The 
device can then be removed from the patient. 

Although the principle of using a non-self-expanding mechanism has been illustrated in FIGS. 15-17 with 
respect to deformable ribbons, other nonself-expandingmeehanisms. es illustrated in FIGS. 20A 20D, cen be employed 
in conjunction with the brace member 144 end the first end second ring members 148 and 152. For example, 
instead of using ribbons 158. a non-seff-expanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 14B and 152 and is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brace member 144, 
a guidewire tip 171. a first elongate member 140 such as a pull wire, a rotatable handle 180. end a locking member 
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184 ,o torn, . da*, anaiogou, to th. riob^ased detnce of FIG. 15. Alternatively, other mechen™ can be used 
for aacumg the pull wire 140, such , handle member 190 and a spacer member 184. 

Other non-setopanding nanism, such a. a fltaMft. „.,„ 208 . a dotted tuba 212. and coils 216 can 
b. used to form units 220. 230. and 240 anabgou, to the M« struck unit 204 ., shown « FIGS. 208. 20C 
and 20D. Units 220. 230. and 240 can iaewise be used to censttuct devices analogous to the ribbon*,sed device 
grated in FIGS. 15-19. Further, if unit 204 is used without a membrane, it may ass«t at blood perfusion if the 
braaled structure 200 is suitahly constated. Alternatively, perforated membrane, fike manbrane, 36' of FIG 68 
may be used to perns, blood perfusbn. Although the ribbon, 156. the braided structure 200. the flteM*. mMh 
208. th, slotted tube 212. end the coils 216 must be actively deployed (e.«. with e pull wire 140,. they ere 
neverthnles, sirdar to their self-expanding- counterparts. 

It should be understood that the «ope of the present invention is not be limned by the iOu,trations or the 
foregom, description thereof, but rather by the eppended claims, and certein variation, and modification, o, this 
invention win suggest themselves to one of ordinary skin in the art. 
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WHAT IS CLAIMCn |g - 

1 . A device for occluding a vascular segment, comprising: 
an expansion member; and 

first and second elongate members, wherein said first elongate member engage, said expansion member and 
said second elongate member engage, said first elongate member, aid expansion member expanding to at least 
partially occlude the vascular segment when one of said elongate members b moved longitudinal 

2. The device of Claim 1. further comprising e material that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein said malarial doe, not completely encapsulate said expansion 

member. 

4. The device of Claim J. wherein said expansion member is a filter-Bte mesh attached to an 
indentation within said first elongate member. 

5. The device of Claim 1. wherein said expansion member is in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. wherein said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5, wherein said expansion member is self-expanding. 

B. The device of Claim 7, wherein said self-expanding member comprises a member selected from the 
group consisting of a braid, a col. a ribbon-like structure, a slotted tube, e plurality of ribs and a fiber-like mesh. 
9. The device of Claim 1. wherein said second elongate member is also secured to said expansion 



member. 

10, 
retracted. 



The device of Claim 0, wherein said expansion member expands as said first elongate member is 



11. The device of Claim 9, wherein said expansion member comprises a member selected from the 
group consisting of a braid, a plurality of coils, a ribbon-like structure, a slotted tube, and a filer-like mesh. 

1 2. The device of Clam 9. wherein said expansion member expands es the relative position of said 
fast and second elongate members changes. 

13. A method of occluding a segment within a vessel, comprising: 

inserting first end second elongate members into the vessel, wherein the first elongete member adjoais an 
expansion member; and 

varyino the position of at least one of the elongate members so that the expansion member expands unti 
the vessd is occluded. 

14. The method of Claim 13. in which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of thB elongate members causes the 
expansion member to expend. 
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16. The method of Claim 14. h which the expansion mwnber adjoins both elongate members, and the 
relative position of the elongate members is varied to expand the expansion member until the vessel is occluded. 

17. The method of Claim 13. in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13, further comprising: 
performing a medical procedure near the occluded site; and 

retrieve* the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting en expansion member within the vessel; end 

heating the expansion member to cause it to expand untl the vessel is at least partially occluded. 

20. The method of Claim 19. in which the expansion member is comprised of e material selected from 
the group consisting of heat activated Nitinol and an iron base shape memory alloy. 

21. The method of Claim 19. in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, fat which seid heating the expansion member comprises flowing warm 
sohition near the expansion member to heat up the expansion member. 
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